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COMPRESSIBILITY  OF  XATIXU  GAS  AND  ITS   COXSTITUEXTS,  WITH 
ANALYSES  OF  XATllAL  GAS  FROM  31  CITIES  IX  THE  UNITED  STATES. 


By  G.  A.  BuRRELL  and  I.  W.  Robertsox, 


INTRODUCTION. 

As  a  continuation  of  the  work  described  in  a  previous  publication 
of  the  Bureau  of  Mines, '^  which  presented  the  compressibility  of  the 
natural  gas  used  in  Pittsburgh,  Pa.,  at  pressures  ranging  from  atmos- 
pheric up  to  35.5  atmospheres,  this  paper  shows  the  compressibility 
of  three  of  the  hydrocarbon  gases  (methane,  ethane,  and  propane) 
that  comprise  natural  gas,  of  carbon  dioxide  (another  constituent  of 
natural  gas),  and  of  natural  gas  from  nine  different  cities.  In  addi- 
tion, it  contains  analyses  of  natural  gas  from  31  cities  and  presents  a 
formula  by  which  the  compressibihty  of  any  natural  gas  can  be 
determined  from  the  analysis.  Data  regarding  other  analyses,  and 
the  composition  and  characteristics  of  natural  gas,  are  given  in 
previous  publications  of  the  Bureau  of  Mines. ^ 

From  the  results  obtained  by  the  ordinary  combustion  analysis  of 
samples  of  natural  gas  the  authors  determined  the  compressibility  of 
the  samples  collected  in  nine  cities.  The  analyses  of  these  samples 
are  shown  below: 

Table  1. — Analyses  of  samples  of  natural  gas  from  nine  cities  in  the  United  States. 


City. 

Constituents. 

Total. 

CO, 

CH4 

CtHs 

N, 

H5S 

Little  Rock,  ArV-  

1.0 
2.8 
0.0 
25.1 
0.5 
0.0 
0.8 
0.0 
0.0 

96.7 
89.1 
83.6 
59.1 
95.6 
88.1 
84.1 
76.8 
37.5 

0.0 

4.2 
15.7 
14.5 

0.0 
11.5 

6.7 
22.5 
59.6 

2.3 
3.9 

11 

3.9 
04 

. 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Bartlesville  Okla 

Cleveland ,  Ohio 

I.os  Angeles,  Cal 

Palestine,  111 

BulTalo,  N.  Y 

K'ftTTWi.s  City,  Mo  .  .      

8.4                       1           100.0 

rharleston,  W.  Va 

5.7 
1.7 

100.0 
100.0 

Olnev,  111 

1.2 

-  a  Burrell.G.  .\..  and  Roliertson,  I.  W.,  The  compressibility  of  natural  gas  at  high  pressures:  Tech. 
Paper  131,  Bureau  of  Mines,  1916,  12  pp. 

b  Burrell,  G.  A.,  and  Seibert,  F.  M.,  The  sampling  and  examination  of  mine  gases  and  natural  gas:  Bull 
42,  Bureau  of  Mines.  1913, 116  pp.  Burrell,  G.  A.,  Seibert,  F.  M.,  and  Robertson,  I.  W..  The  analysis  of 
natural  gas  and  artificial  illuminating  gas  by  fractional  distillation  at  low  temperatures  and  pressures, 
Tech.  Paper  104, 1915,  41  pp.  Burrell,  G.  A.,  and  Oberfell,  G.  G.,  The  composition  of  the  natiu^  gas  used 
in  25  cities:  Tech.  Paper  109,  Bureau  of  Mines,  1915,  22  pp. 
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COMPRESSIBILITY    OF   NATURAL   GAS. 


PREPARATION  OF  PURE  GASES. 

The  metliods  used  in  preparing  pure  gases  for  compressibility  deter- 
minations were  as  follows :  Methane,  fractional  distillation  of  natural 
gas  at  low  temperatures  and  pressures;  ethane,  electrolysis  of  sodium 

acetate;  propane,  action  of 
propyl  iodide  on  a  zinc-cop- 
per couple;  carbon  dioxide, 
action  of  sulphuric  acid  on 
a  solution  of  potassium  bi- 
carbonate. 

In  preparing  these  gases 
extreme  care  was  used  to 
rid  them  of  all  impurities. 
In  every  case  the  final 
method  of  purification  was 
fractional  distillation  at  low 
temperatures  and  pressures. 

DETERMINATION  OF  COM- 
PRESSIBILITY. 

The  apparatus  with  which 
the  compressibility  of  the 
gases  was  determined  is 
showTi  in  figure  1.  The 
three  capillary  tubes  e,  d, 
and  c,  passed  through  stuff- 
ing boxes  into  the  chamber 
of  the  steel  compression 
machine  a.  This  chamber 
contained  mercury,  and  by 
screwmg  the  plunger  h  into 
the  mercury,  the  latter  could 
be  forced  into  the  glass  cap- 
illary tubes,  thereby  com- 
pressing to  the  desired 
degree  the  gas  contained 
therein.  The  capillary  tube 
c  contained  the  gas  whose 
compressibility  was  meas- 
ured.    The  tubes   d  and   e 
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Figure  1.— Apparatus  for  determining  compressibility  of  gas. 


contained  pure  air  and  served  as  air  manometers  (pressure  gages.) 
The  pressure-volume  curve  for  air  had  been  determined  in  previous 
experiments,  reported  in  Technical  Paper  131,*^  so  that  with  any 

oBurrell,  G.  A.,  and  Robertson,  J.  W.,  The  compressibility  of  natural  gas  at  high  pressures:  Tech. 
Paper  131,  Bureau  of  Mines,  1916,  p.  8. 


DETERMINATION    OF   COMPRESSIBILITY. 


position  of  the  mercury  in  the  tubes  d  and  e,  the  pressure  of  the  air 
could  be  determined.  The  gas  in  the  tube  c  was  always  under  the 
same  pressure  as  the  air  in  the  tubes  d  and  e  plus  or  minus  the  differ- 
ence in  height  of  the  mercury  columns  in  the  air  manometer  and  gas 
ma.iometer,  therefore  the  pressure  on  the  gas  could  be  ascertained, 

The  glass  capillary  tubes  c,  d,  and  e  were  0.8  mm.  inside  diameter 
with  white  backgrounds  and  were  graduated  as  purchased.  They 
were  calibrated  by  means  of  the  arrangement  shown  in  figure  2.  The 
capillary  tube  e,  surrounded  by  a  water  jacket,  d,  fitted  at  the  lower 
end  into  a  small  screw  plunger,  a,  containing 
mercury  and  at  the  upper  end  it  bent  into  a 
small  porcelain  capsule,  h,  that  contained 
mercury.  To  calibrate  the  capillary  tube,  a 
small  amoimt  of  weighed  mercury  was  placed 
in  h  and  a  thread  of  it,  c,  was  drawn  into  the 
tube  by  manipulating  the  screw  plunger  a. 
The  remaining  mercury  in  h  was  next  weighed 
and  the  loss  in  weight  from  the  original  weight 
gave  the  weight  of  the  small  column  of  mer- 
cury c.  This  small  column  was  then  moved 
by  means  of  the  plunger  a  along  the  tube  e 
and  the  voliune  of  the  latter  calculated  from 
the  weight  of  the  mercury  thread. 

The  compressibihty  of  the  gases  was  deter- 
mined at  a  temperature  of  about  15°  C.  (59° 
F.).  Water  in  the  water  jackets  e,  cZ,  and  c  of 
the  compression  machine,  figure  1,  was  kept  at 
a  constant  temperature  by  passing  it  through 
the  vessel  a,  figure  3.  Tap  water  of  a  lower 
temperature  than  15°  C.  was  forced  into  the 
Wolff  bottle  h  Sit  e  (see  fig.  3).  Thence  it 
passed  into  a  5-gallon  vessel  a  that  was  warmed 
with  a  Bunsen  flame  so  as  to  keep  it  at  a  tem- 
perature of  15°  C  The  water  next  passed 
into  the  water  jacket  of  the  compression  ma- 
chine. Xo  trouble  was  experienced  in  keeping 
the  temperature  within  ±0.3°  of  15°  C.  during  a  determination  that 
lasted  not  longer  than  one  hour. 

The  compressibility  data  for  the  natural  gas  used  in  Buffalo,  N.  Y., 
are  shown  m  the  following  table,  which  gives  the  volume  of  the  gas, 
the  pressure  corresponding  to  the  volume,  the  product  of  the  pressure 
and  volume,  and  the  deviation  from  a  perfect  gas  (volume  varying 
with  pressure  according  to  Boyle's  law).  Similar  data  were  obtained 
for  all  the  gases  whose  compressibility  was  determined. 


FiGimE    2. —Arrangement     for 
calibrating  capillary  tube. 


8 


COMPRESSIBILITY    OF   NATUEAL   GAS„ 
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Figure  3.— Constant-temperature  bath. 
Table  2. — Compressibility  data  for  natural  gas  used  in  Buffalo,  N.   Y 


Volume 
of  gas 

(c.c). 

Pressure 
of  gas 
(atmos- 
pheres). 

Product 
of  pres- 
sure and 
volume 

(PV). 

De\ia- 

tion  from 

perfect 

gas.a 

Volume 
of  gas 

(CO.). 

Pressiu-e 
of  gas 
(atmos- 
pheres). 

Product 
of  pres- 
sure and 
volume 

(PV). 

Devia- 
tion from 
perfect 
gas.a, 

93.5 

0.  48540 

1.32 

0. 6407 

99.6 

0.02854 

21.25 

0. 6064 

.40180 

1.61 

.6469 

99.1 

.02557 

23.55 

.6022 

92.6 

.28690 

2.22 

.6369 

99.0 

.02264 

26.45 

.5988 

91.8 

.20150 

3.04 

.6347 

98.4 

. 02138 

27.83 

.5950 

91.3 

.12030 

5.25 

.6315 

97.8 

.01904 

31.09 

.5919 

90.8 

. 10430 

6.04 

.6297 

97.5 

. 01843 

•    32.04 

.5904 

90.7 

.08860 

7.08 

.6275 

97.2 

.01721 

34.12 

.5872 

89.9 

.07640 

8.20 

.6267 

97.1 

.01635 

35.86 

.5863 

89.5 

.06420 

9.73 

.6247 

96.7 

.015^3 

37.13 

'      . 5840 

89.2 

.05232 

11.91 

.6231 

96.2 

.01483 

39.21 

.5815 

88.7 

.04630 

13.38 

.6200 

95.6 

.01449 

39.94 

.5787 

88.3 

.04043 

15.26 

.6170 

95.1 

.01420 

40.71 

.5781 

88.2 

.03450 

17.  76 

.6127 

94.4 

. 01393 

41.52 

.5779 

88.1 

.03151 

19.35 

.6097 

93.9 

.01366 

42.19 

.5763 

87.7 

a  On  the  basis  of  a  perfect  gas  being  ra^^eJ  lis  iOO. 
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The  data  shown  in  figures  4,  5,  6,  and  7  give  the  results  of  measuring 
the  compressibihty  of  the  natural  gas  used  in  nine  different  cities 
and  of  several  pure  gases  that  are  found  in  natural  gas.  The  com- 
pressibility of  these  pure  gases  was  determined  so  one  could  after 
making  a  simple  analysis  of  a  given  natural  gas  determine  its  com- 
pressibility by  referring  to  these  curves.  The  procedure  would  be  as 
follows : 
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DEVIATION  OF  FORMULA  FOR   COMPRESSIBILITY. 

The  natural  gas  used  in  Buffalo  is  composed  of  88.1  per  cent  CH 
11.5  per  cent  CoHg  and  0.4 
per  cent  Nj.  Suppose  it  is 
desned  to  determine  the 
compressibility  of  this  gas 
at  a  pressure  of  40  atmos- 
pheres 

(1)  The  partial  pressures 
of  the  three  constituents 
are: 

CH,=0.881  X40=85.2=Pi 

C2H6=0. 115X40=  4".6=P, 

N.,=o.OO-JX40=  0.2=P3 

(2)  According  to  the 
compressibility  curves  in 
figure  7  the  deviations  per 
atmosphere  for  methane, 
ethane,  propane,  and  car- 
bon dioxide  are: 

CH4=a=0.228  per  cent 
C2H6=b^0.90  per  cent 
C3H8=c=1.0  per  cent 

CO2=d=0.67  per  cent 

and  the  values  for  nitrogen 
and  air  arc: 


95  90 

CORRECTION,  PER  CENT 


FiGUKE  4. — Compressibility  curves  of  natural  pas  from 
Palestine,  111.,  and  Buffalo,  N.  Y. 


N2=e=0.01  per  cent 
Air=f=0.05  per  cent 

(3)  The  formula  for  the  total  deviation  thus  becomes: 

\  I)=aP,+bP,+cP3+dP4+etc.     | 

Substituting  values  of  (1)  and  (2)  in  (3) 

D=(0.228X35.2)+(0.90X4.G)=8.03+4. 14=12. 17  }>cr  cent,  or  87.83  on  the  basis  of  an 

ideal  gas  being  100. 


3^^' 
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COMPKESSIBILITT   OF   NATURAL  GAS. 


The  calculated  and  the  determined  deviations  at  a  pressure  of  20 
atmospheres  are  shown  in  the  following  table  for  the  different  samples 
of  natural  gas  whose  compressibility  was  determined  by  the  authors. 

Calculated  and  determined  compressibility  of  natural  gas  at  a  pressure  of  20  atmospheres^ 


Observed 
Jeviation. 


from  nine  cities. 

City. 

Little  Rock,  Ark 94.  2 

Palestine,  111 95.  8 

Kansas  City,  Mo 96.  0 

Cleveland,  Ohio = . . .  95.  7 

Bartiesville,  Okla 95.  2 

Buffalo,  N.  Y 94.0 

Charleston,  AV.  Y2..  .i 93.  6 

Los  Angeles,  Cal 92.  2 

Olnev,  111 87.7 


Calculated 
deviation. 

..  95.6 

..  95.6 

..  95.6 
..  95.5 
.-  95.2 
..  93.9 
..  92.5 
..  9L4 
..  87.6 
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Figure  5.— Compressibility  curves  of  natural  gas  from  Kansas  City,  Mo, 

Olney,  111. 
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,  Charleston,  W.  Va.    and 


The  results  show  that  it  is  possible  to  calculate  the  compressibility 
of  natural  gas  from  different  sources,  provided  an  ordinar}^  analysis 
of  the  natural  gas  has  been  made.  This  is  important  because  the 
direct  determination  of  compressibility  is  a  tedious  and  somewhat 
difficult  operation. 
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Figure  6. — Compressibility  cun-es  of  natural  gas  from  Little 
Rock,  Ark.,  Bartlesville,  Okla.,  Cleveland.  Ohio,  and  Los 
ABgeles,  Cal. 


CORRECTION.  PER  CENT. 

Figure  7.— Compressibility  curves  of  methane,  carbon  dioxide,  ethane,  and  propane. 
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COMPRESSIBILITY   OF    NATURAL   GAS. 
WORK  OF  AMAGAT  AND  OMNES. 


Of  interest  in  this  connection  is  the  work  of  E.  H.  Amagat  *  on 
the  compressibihty  of  air,  methane,  ethylene,  carbon  dioxide,  and 
carbon  monoxide,  and  of  Kamerlingh-Omnes  ^  on  heUum. 

Curves  showuig  the  results  of  the  work  of  Amagat  and  Omnes  are 
given  in  figures  8  and  9,  wherein  the  solid  Unes  represent  the  range 
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Figure  8.— Compressibility  curves  of  th.ree  gases,  according  to 
Amagat  and  Omnes. 


of  compressibility  they  studied.     The  dotted  lines  were  extrapolated 
by  the  authors  of  this  paper. 

Amagat' s  work  on  carbon  dioxide  corresponds  fairly  closely  with 
the  work  of  the  authors  on  that  gas.  At  30  atmospheres  pressure  the 
authors  found  a  deviation  of  20  per  cent  from  an  ideal  gas,  whereas 

a  I.andolt  and  Bornstein,  Physikalisch  chemische  Tabellen,  4th  ed.,  pp.  64,  65,  66. 
b  Same,  p.  63. 
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Amagat  found  21  per  cent.  For  methane  Amagat  found  a  deviation 
of  9  per  cent  at  40  atmospheres  (by  extrapolation),  which  is  the  same 
as  the  authors  found. 

COMPOSITION  OF  NATUBAL  GAS. 

The  results  of  the  examination  of  samples  of  natural  gas  collected 
in  31  cities  in  the  United  States  other  than  the  cities  named  in  Tech- 
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Figure  9. — Compressibility  curves  of  air  and  of  three 
according  to  Amagat  and  Omnes. 

nical  Paper  109  '^  are  given  in  the  following  table.    Methods  of  analysis 
and  various  properties  of  natural  gas  are  discussed  in  that  paper. 

By  means  of  the  formula  given  on  page  9,  the  compressibility  of 
each  natural  gas  in  the  table  can  be  determined  from  the  analysis. 

o  Burrell,  G.  A.,andOberfell,  G.  G.,  The  composition  of  the  natural  gas  used  in  25  cities,  with  a  discus- 
sion of  the  properties  of  natural  gas:  Tech.  Paper  109,  Bureau  of  Mines,  1913,  22  pp. 
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Table  3. — Analyses  of  natural  gas  collected  in  31  cities  in  the   United  States. 


7176 
7^09 


7341 
7359 
7340 

70^9 
fi857 

7147 

7280 

7148 

7173 
7265 

6847 

7233 
7240 
6853 
6856 
6817 

■7151 

7357 
7169 
7171 
7266 

7279 
7277 

7181 
6815 
7353 
7167 

6845 
7384 
7175 


State. 


Ala. 


Ark.. 
...do.. 

CaL.. 
...do.. 
...do.. 


III.... 
..do.. 


Ind. 


Kans. 
,..do.- 


Ky... 
..do.. 

Mo... 


N.Y.. 

...do... 
...do... 
...do... 
...do... 

Ohio.. 
...do... 
...do... 
...do... 
...do... 

Okla.. 
...do... 


Pa.... 
...do... 
...do... 
...do... 


W.  Va. 

...do... 
...do... 


County. 


Fayette.. 

Crawford, 
Pulaski . . 


Los  Angeles. . . 

do 

do 


Lawrence. 
Crawford. . 


Adams. 


Montgomery . 
Crawford 


Boyd... 
Fayette. 

Jackson. 


Chenango 

Allegany 

Erie...". 

Genesee 

Allegany 


Ashtabula. 

Allen 

Miami 

Erie 

Licking... 


Logan. 
Creek. 


Blair 

Venango . 
McKean. 
do... 


Kanawha. 
Harrison.. 
Marion 


Town. 


Fayette 

Alma 

Little  Rock . 

Los  Angeles. 

do 

do 

Olney 

Palestine 

Geneva 

Coffey  ville.. 
Pittsburg... 

Ashland 

Lexington . . 

Kansas  City 

Elmira 

Bolivar 

Buffalo 

Pavilion 

Wellsville.. 

Ashtabula. . , 

Lima 

Piqua 

Sandusky... 
Utica , 

Guthrie 

Sapulpa 

Altoona 

Oil  City 

St.  Marys... 
Sharon 

Charleston . . 
Clarksburg. 
Fairmont . . 


II 

O 

el 

ea  o 


97.6 

99.2 
96.7 

93.5 
73.1 
98.0 

97.1 
95.6 


98.0 
93.0 

79.0 
99.0 

90.8 

99.0 
97.4 
99.6 

98.7 
98.0 

98.7 
96.3 
90.9 
9').0 
93.9 

91.9 

98.8 

99.0 
97.7 
99.2 
99.3 

99.3 
99.3 
99.0 


97.6 

99.2 
96.7 

77.5 
59.2 
70.0 

37.5 
95.6 

75.4 

98.0 
90.5 

75.0 
76.4 


84.0 
5^'.  8 
88.1 
91.9 

78.1 

82.2 
8^.5 
78.3 
83.5 
74.8 

73.5 
93.1 

90.0 
64.3 
88.0 
32.3 

76.8 
66.6 
82.0 


0.0 

0.0 
0.0 

16.0 
13.9 
28.0 

59.6 
0.0 

23.4 

0.0 
2.5 

24.0 
22.6 


15.0 
37.6 
1L5 
6.8 
19.9 

16.5 
12.8 
12.6 
12.5 
19.1 

18.4 
5.7 

9.0 
33.4 
11.2 
67.0 

22.5 
32.7 
17.0 


0.3 

.20 
1.00 

6.50 

26.20 

1.10 

0.0 
.5 

0.0 

1.2 
.4 

.0 
.0 


2.10 


0.0 
.7 


al.7 
3.9 


L2 


1.0 
1.0 

8.4 

1.0 
2.2 
.4 
1.3 
2.0 

1.3 

3.7 
8.9 
3.8 
5.8 

8.1 


3.3 

.8 

.7 


Calculated  gross 

heating  value, 

B.t.u.  per 

cubic  foot 
(763  mm. 
pressure). 


0°  C.      60°  F 


1,039 

1,057 
1,030 

1,123 

889 
1,267 

1,591 
1,018 

1,238 

1,044 
1,010 

1,245 
1,234 

1,025 

1,174 
1,336 
1,152 
1,105 
1,202 

1,182 
1,127 
1,068 
1,122 
1,152 

1,125 


1,126 
1,306 
1,146 
1,591 

1,236 
1,318 
1,189 


1,000 
974 

1,062 

841 

1,199 

1,505 
963 

1,171 


955 

1,178 
1,167 

965 

1,111 
1,264 
1,090 
1,045 
1,137 

1,118 
1,066 
1,010 
1,061 
1,090 

1,064 
1,039 

1,065 
1,235 
1,084 
1,505 

1,169 
1,247 
1,125 


®    n 


0.57 

.56 
.57 

.70 
.88 
.71 

.86 
.58 


.59 


a  Contained  also  1.2  per  cent  hydrogen  sulphide  (H2S.) 


Note. — The  sum  of  the  methane,  ethane,  carbon  dioxide  and  nitrogen  totals  100 
per  cent. 


PUBLICATIONS  ON  NATTJHAL  GAS  AND  INDnSTRIAL  GASES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  pubhcations  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  pubhcations  that  may  be  of  especial  interest 
to  them.  Requests  for  pubhcations  should  be  addressed  to  the 
Dhector,  Bureau  of  Alines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Dociunents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  hst. 

PUBLICATIONS    AVAILABLE    FOR    FREE    DISTRIBUTION. 

Bulletin  6.  Coals  available  for  the  manufacture  of  illuminating  gas,  by  A.  H. 
White  and  Perry  Barker,  compiled  and  revised  by  H.  M.  Wilson.  1911.  77  pp., 
4  pis.,  12  figs. 

Bulletin  55.  The  commercial  trend  of  the  producer-gas  power  plant,  by  R.  H. 
Femald.    1913.     93  pp.,  1  pi.,  4  figs. 

Bulletin  88.  The  condensation  of  gasoline  from  natural  gas,  by  G.  A-.  Burrell, 

F.  M.  Seibert,  and  G.  G.  Oberfell.     1915.     106  pp.,  6  pis.,  18  figs. 

Bulletin  89.  Economic  methods  of  utilizing  western  lignites,  by  E.  J.  Babcock. 

1915.  74  pp.,  5  pis.,  5  figs. 

Bulletin  109.  Operatingdetailsof  gas  producers,  by  R.  H.  Fernald.     1916.     74  pp. 

Technical  Paper  9.  The  status  of  the  gas  producer  and  of  the  internal-combustion 
engine  in  the  utilization  of  fuels,  by  R.  H.  Fernald.     1912.     42  pp.,  6  figs. 

Technical  Paper  38.  Wastes  in  the  production  and  utilization  of  natural  gas,  and 
methods  for  their  prevention,  by  Ralph  Arnold  and  F.  G.  Clapp.     1913.     29  pp. 

Technical  Paper  104.  Analysis  of  natural  gas  and  illuminating  gas  by  fractional 
distillation  in  a  vacuum  at  low  temperatures  and  pressures,  by  G.  A.  Burrell,  F.  M. 
Seibert,  and  I.  W.  Robertson.     1915.     41  pp.,  7  figs. 

Technical  Paper  106.  Asphyxiation  from  blast-furnace  gas,  by  F.  H.  Willcox. 

1916.  79  pp.,  8  pis.,  11  figs. 

Technical  Paper  112.  The  explosibility  of  acetylene,  by  G.  A.  Burrell  and 

G.  G.  Oberfell.    1915.     15  pp. 

Technical  Paper  131.  The  compressibility  of  natural  gas  at  high  pressures,  by 
G.  A.  Burrell  and  I.  W.  Robertson.     1916.     11  pp.,  2  figs. 
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PUBLICATIONS    THAT   MAY   BE    OBTAINED    ONLY    THROUGH    THE    SUPER- 
INTENDENT  OF   DOCUMENTS. 

Bulletin  4.  Features  of  producer-gas  power-plant  development  in  Europe,  by 
R.  H.  Fernald.     1910.     27  pp.,  4  pis.,  7  figs.     10  cents. 

Bulletin  7.  Essential  factors  in  the  formation  of  producer  gas,  by  J.  K.  Clement, 
L.  H.  Adams,  and  C.  N.  Haskins.     1911.     58  pp.,  1  pi.,  16  figs.    10  cents. 

Bulletin  9.  Recent  development  of  the  producer-gas  power  plant  in  the  United 
States,  by  R.  H.  Fernald.     82  pp.,  2  pis.     15  cents. 

Bulletin  13.  Resume  of  producer-gas  investigations,  October  1,  1904,  to  June  30, 
1910,  by  R.  H.  Fernald  and  C.  D.  Smith.  1911.  393  pp.,  12  pis.,  250  figs.  65 
cents. 

Bulletin  19.  Physical  and  chemical  properties  of  the  petroleums  of  the  San 
Joaquin  Valley,  Cal.,  by  I.  C.  Allen  and  W.  A.  Jacobs,  with  a  chapter  on  analyses 
of  natural  gas  from  the  southern  California  oil  fields,  by  G.  A.  Burrell.  1911.  60 
pp.,  2  pis.,  10  figs.     10  cents. 

Bulletin  31.  Incidental  problems  in  gas-producer  tests,  by  R.  H.  Fernald,  CD. 
Smith,  J.  K.  Clement,  and  H.  A.  Grine.     29  pp.,  8  figs.   5  cents. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by 
G.  A.  Biu-rell  and  F.  M.  Seibert.     1913.     116  pp.,  2  pis.,  23  figs.     20  cents. 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Government, 
with  directions  for  sampling  oil  and  natural  gas,  by  I.  C.  Allen.  1911.  13  pp.  5 
cents. 

Technical  Paper  10.  Liquefied  products  of  natural  gas,  their  properties  and  uses, 
by  I.  C.  Allen  and  G.  A.  Burrell.     1912.     23  pp.     5  cents. 

Technical  Paper  20.  The  slagging  type  of  gas  producer,  with  a  brief  report  of 
preliminary  tests,  by  C.  D.  Smith.     1912.     14  pp.,  1  pi.     5  cents. 

Technical  Paper  54.  Errors  in  gas  analysis  due  to  the  assumption  that  the  molecu- 
lar volumes  of  all  gases  are  alike,  by  G.  A.  Burrell  and  F.  M.  Seibert.  1913.  16  pp., 
1  fig.     5  cents. 

Technical  Paper  57.  A  preliminary  report  on  the  utilization  of  petroleum  and 
natural  gas  in  Wyoming,  by  W.  R.  Calvert,  with  a  discussion  of  the  suitability  of 
natural  gas  for  making  gasoline,  by  G.  A.  Burrell.     1913.     23  pp.     5  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  25  cities,  with  a 
discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Oberfell.  1915. 
22  pp.     5  cents. 

Technical  Paper  120.  A  bibliography  of  the  chemistry  of  gas  manufacture,  by 
W.  F.  Rittman  and  M.  C.  Whittaker,  compiled  and  arranged  by  M.  S.  Howard.  1915. 
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